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Abstract 
Introduction: We describe a case of pulmonary gas embolism caused by portal vein gas 
(PVG) observed using echocardiography. Echography revealed gas flowing through the 
hepatic vein, inferior vena cava, right atrium, and right ventricle, as well as pulmonary 
hypertension. The patient was diagnosed as having pulmonary gas embolism caused by 
PVG.  
Objective: We consider PVG routes to pulmonary circulation, diagnosis of gas embolism 
caused by PVG, and treatment of gas embolism caused by PVG. 
Methods: We reviewed reports of eight cases of gas embolism caused by PVG and 
compared these cases to cases of gas embolism without PVG.  
Results: Mortality of gas embolism caused by PVG was 67%, positive blood culture was 
observed in six cases, and pulmonary edema was seen in three cases. PVG initially excites 
microbubble formation, which causes tissue damage in the liver and liver abscess. A 
large volume of PVG causes portal obstruction. As a result, portal hypertension, a 
portosystemic shunt or gastrointestinal congestion can occur. PVG can travel to the 
systemic vein through the liver or portosystemic shunt without anomaly and cause 
pulmonary gas embolism, followed by arterial embolism. In this environment, sepsis 
easily occurs. Echocardiography is useful for diagnosis of gas embolism caused by PVG, 
but the gas can be seen intermittently. The view of pulmonary edema is important for 
pulmonary gas embolism caused by PVG.  
Conclusion: It is important to treat the underlying disease, but PVG must be considered 
and treated as the gas embolism’s source. 
  
Case Rep Gastroenterol 2008;2:262–271 
DOI: 10.1159/000146064 
Published online: August 15, 2008  © 2008 S. Karger AG, Basel 
ISSN 1662–0631 
www.karger.com/crg 
 
 
263
Introduction 
Pulmonary gas embolism is the entry of gas into the venous system because of trauma, 
iatrogenic complications, laparoscopic procedures, neurosurgical procedures or
 
decompression sickness [1]. A large volume of gas causes mechanical obstruction of the 
pulmonary artery, pulmonary arterial hypertension, increased resistance to the right 
ventricle, diminished venous return, and diminished cardiac output [2]. Barak and Katz 
have summarized the process: when microbubbles obstruct blood flow in the capillary, 
mechanical factor, inflammatory response, complement activation and clotting activation 
together facilitate an increase in membrane permeability (pulmonary edema) and 
endothelial damage (tissue damage) in the lungs [3]. A few microbubbles can coalesce 
into one large bubble. This obstruction causes an increase in alveolar dead space and 
intrapulmonary
 right-to-left shunting. Some of the gas slowly dissolves in the blood, while 
some excites the lungs, and some travels into the arterial circulation through the lung [4]
 
or patent foramen ovale [5]. When there is a right-to-left shunt,
 venous air emboli may 
travel into arterial circulation and
 cause organ ischemia. Such a course of events is termed 
paradoxical air embolism [3], and it can cause systemic artery embolism. A patent 
foramen ovale is detectable in about 30% of the general population [6]. Obstruction of 
either the coronary arteries or the nutritive arteries of the brain is especially serious [7]. 
The patient’s comorbidity may also influence the outcome of circulating air emboli. 
Portal vein gas (PVG) was first described in children
 by Wolfe and Evans [8] in 1955 
and in adults by Susman and Senturia [9] in 1960. Gas in the hepatic portal venous system 
can be due to the presence of gas under pressure in the bowel lumen, or by alteration of 
the bowel mucosa that allows gas to enter the portal system through the mesenteric vein 
[10]. A large number of cases have been reported in the literature, providing information 
about the prognosis, causes, mortality, and treatment of PVG. However, it is not well 
known that PVG can cause pulmonary and systemic gas embolism. 
Case Report 
The patient was a 94-year-old woman with senile dementia who consulted a local physician because 
her temperature was 38°C. Antibiotics were prescribed. Two days later, after experiencing symptoms of 
acute dyspnea, vomiting, and fresh melena, the patient was admitted by the physician. She was admitted 
to our hospital 2 h later. 
At the time of admission, the patient’s abdomen was distended but soft. Her body temperature was 
35.7°C. Rales were auscultated in the right lung, and the jugular vein was distended. Hematological and 
biochemical examination showed no leukocytosis (WBCs 5,190/μl). The CRP level was slightly 
increased (1.84 mg/dl), and slight anemia was noted (Hb 10.1 g/dl). Minimal coagulation problems were 
noted. Renal function was poor (BUN 52.2 mg/dl; Cr 2.0 mg/dl; base excess –9.9 mEq/l) because of 
dehydration. Liver function studies (e.g. AST, ALT, and LDH) were normal. Arterial blood gas analysis 
showed PO2 of 56.9 mm Hg and PCO2 of 28.2 mm Hg, with an oxygen flow rate of 5 l/min. 
An abdominal X-ray obtained on admission showed dilation of the colon. Abdominal 
ultrasonography revealed microparticles along with strongly echogenic particles that flowed in the 
intrahepatic portal and hepatic veins (fig. 1a, video 1a, www.karger.com/doi/10.1159/000146064). An 
abdominal plain CT obtained on admission showed intrahepatic portal gas (fig. 2g), splenic vein gas 
(fig. 2h), superior mesenteric vein gas (fig. 2i), and dilation of the colon, but no evidence of bowel wall 
thickening or ascites. The patient was diagnosed with PVG. Echocardiography showed strong 
microparticles – strongly echogenic particles that flowed in the right atrium and right ventricle (fig. 1b, 
video 1b, www.karger.com/doi/10.1159/000146064) – and revealed pulmonary hypertension 
(PAP 61.8 mm Hg). The strongly echogenic particles were identified as gas passing through the liver, 
and we diagnosed the patient as having pulmonary gas embolism caused by PVG.  
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A comparison of the chest X-ray obtained on admission with the one obtained 2 h before admission 
showed rapid spread of infiltration (fig. 2a, b). The chest CT scan performed on admission had shown 
pulmonary edema located mainly on the ventral side of the right upper lobe of the lung, along the 
bronchus (fig. 2e). The views on CT were heterogeneous, because the gas floated in liquid and the 
patient usually lay in the supine position, and in that position, the right pulmonary artery was 
anatomically higher than the left pulmonary artery. 
The patient’s family did not agree to a laparotomy, and based on abdominal and biochemical 
findings, it was decided to follow the patient conservatively. The following treatment plan was 
implemented: fasting for 5 days; purgatives and antibiotics for 3 days; 2 μg/kg/min of dopamine for 
4 days; and oxygen for 10 days. At night on day 1 of hospitalization, the patient passed a huge mass of 
stools. 
On day 2, a follow-up of abdominal X-ray obtained showed a decrease in the volume of gas in the 
colon. Abdominal ultrasonography performed that day did not reveal portal gas but showed ascites and 
bowel wall thickening. Echocardiography performed did not show gas, but revealed PAP of 
35.0 mm Hg. Decreasing the oxygen flow rate resulted in a drop in pulse oximetry readings to less than 
90% of SPO2, so we continued supplemental oxygen. 
Cultures of sputum, blood, and stool obtained on the day of admission did not show pathogenicity. 
Throughout the course of hospitalization, the results of her liver function tests were good, WBC count 
was normal, and CRP was less than 4.37 mg/dl. By day 2, her renal function had recovered. 
On day 3, a follow-up chest X-ray showed a hydrothorax and no decrease in infiltration (edema) of 
the lung (fig. 2c). On day 5, the patient was given a meal. On day 6, arterial blood gas analysis showed 
PO2 of 71.7 mm Hg and PCO2 of 56.1 mm Hg, with an oxygen flow rate of 3 l/min. Hypoxia and 
hypercapnia persisted for at least 10 days after admission. Therefore intrapulmonary right-to-left 
shunting might play a role in the PAP decrease. 
On day 13, an enhanced abdominal CT scan showed that both ascites and bowel wall thickening had 
disappeared. A chest CT scan obtained the same day showed decreased edema (fig. 2f). A chest X-ray on 
day 16 showed no signs of hydrothorax (fig. 2d). On day 16, an upper gastrointestinal endoscopy did 
not find any specific abnormalities. On day 17, a colonoscopy did not find any specific abnormalities. 
Perhaps alteration of the colon mucosa was healing at the time of examination. The patient was 
discharged 20 days after hospitalization. 
Effect on Portal Circulation 
Mallens et al.
 have hypothesized that gas can cause obstruction of the portal sinusoids, 
leading to gas in the inferior mesenteric vein, superior hemorrhoidal vein, and internal 
iliac veins as can be seen on the CT scan [11]. Studies in dogs injected with air in the 
portal vein have shown that PVG causes portal hypertension and that hypertension 
depends on the volume of air [12]. In our case, bowel wall thickness and ascites were 
observed. A large volume of PVG obstructed the intrahepatic portal vein and increased 
presinusoidal vascular resistance, leading to portal hypertension, gastrointestinal 
congestion, gastrointestinal edema, ascites, and development of a portosystemic shunt. 
Routes to the Systemic Vein 
In adults, PVG can pass to the systemic vein via two routes: through the liver [13] or 
through a portosystemic shunt [11]. Studies in dogs have shown that microbubbles can be 
released into the inferior vena cava via the hepatic vein [14]. In our case, hepatic vein gas 
followed the route through the liver. In a case report of an infant with necrotizing 
enterocolitis, the route was through a patent duct [15]. Another route through an 
enterovenous fistula caused by a tumor or polysurgery is also suspected [13].  
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Effect on Pulmonary and Other Organs 
If a person does not have any anatomical anomaly, PVG will travel through the 
systemic venous system. Pulmonary gas embolism is the entry of gas into the venous 
system. Some occurrences of pulmonary gas embolism can cause systemic artery 
embolism. Therefore, PVG causes pulmonary gas embolism and arterial gas embolism. 
Five previous cases of adults with systemic vein gas associated with PVG (pulmonary gas 
embolism caused by PVG) have previously been reported (table 1) [11, 13, 16]. In 
addition, three cases of systemic arterial gas associated with PVG
 (arterial gas embolism 
caused by PVG) have been reported in adults (table 2) [12, 17, 18].
 In these previous 
cases, pulmonary arterial pressure, central venous pressure, and blood gas were not 
reported. In our patient, we observed pulmonary hypertension, pulmonary edema,
 
right-to-left shunting, hypoxia, and hypercapnia. We suggest that hypotensive shock 
without sepsis in one case was right heart failure caused by pulmonary gas embolism [11]. 
In five cases, blood cultures were positive, while two cases presented patent foramen 
ovale, three cases pulmonary edema, and one case laparoscopy. The causes were not 
characteristic. The mortality of pulmonary gas embolism caused by PVG was 50%. The 
mortality of arterial gas embolism caused by PVG was 100%. The overall mortality of 
PVG patients (n = 182) was 39% [19]. It is not easily possible to compare these 
mortalities, but it is clear that it is important to prevent PVG from flowing into other 
circulatory systems. 
Does PVG Excite Ventilation? 
PVG has been reported to have a high CO2 concentration [16], and CO2 is a highly 
soluble gas. The high solubility of PVG may easily excite ventilation by stimulating 
receptors within the lungs during expiration, but little is currently known about this 
component of PVG. 
Microbubbles 
PVG is caused by alteration of gastrointestinal mucosa and injury of the large vein is 
not required. Echography has revealed microbubbles in PVG patients, and thus we 
hypothesize that PVG initially exists in a microbubble state. Microbubbles are caused by 
an obstruction of blood flow in the sinusoid or presinusoid vessels. Microbubbles in a 
low-flow environment float and fuse to create larger bubbles. As in the lung, these 
microbubbles cause tissue damage in the liver; therefore, as the sinusoidal (microvascular) 
compliance decreases, the diameter mechanically enlarges, and the microbubbles 
overflow. Some of the large bubbles divide the microbubbles in the sinusoid, and the 
overflow gases flow through the heart into the pulmonary circulatory system and cause 
pulmonary gas embolism. In the environment where microbubbles travel to the venous 
circulation, bacteria can also travel to the venous circulation. Therefore, in systemic vein 
gas or systemic arterial gas associated with PVG, the frequency of positive blood culture is 
high. We regard liver abscess [20] associated with PVG as a result of tissue damage in the 
liver.  
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Diagnosis of Pulmonary Gas Embolism 
Echocardiography is useful for measuring pulmonary artery pressure, diagnosing 
cardiac defects, and detecting microbubbles. Abdominal and pelvic CT scans are useful 
for detecting large bubbles of venous gas, while chest X-rays and chest CT scans are useful 
for detecting pulmonary edema. The gas is only visible intermittently, so pulmonary 
edema caused by PVG is often diagnosed as pulmonary gas embolism without detecting 
systemic venous gas. The pathologic picture in pulmonary gas embolism is variable and 
ranges from mild interstitial edema to hemorrhagic airspace consolidations [21]. A 
Swan-Ganz catheter is useful for measuring pulmonary arterial pressure and ruling out 
left-side heart failure. Blood gas is useful, because pulmonary gas embolism can cause 
hypoxia followed by intrapulmonary or paradoxical right-to-left shunt, causing both 
hypoxia and hypercapnia. 
Diagnosis of Arterial Embolism 
Similarly, it is difficult to detect arterial gas associated with PVG. Neurogenic 
symptoms must be carefully observed. ST elevation on EKG or infarction view is an 
important diagnostic indicator in cardiac cases. 
Treatment 
The most important treatments are those that prevent the spread of gas. Treatment of 
the underlying condition and drainage of gastrointestinal gas must be undertaken 
immediately. Emergent surgery in bowel necrosis cases and drainage (e.g. long tube, 
stoma, purgative) must also be performed as soon as possible. Volume expansion 
increases central venous pressure, blocking the systemic vein where PVG flows. In 
pulmonary embolism or right heart failure, the associated PVG central venous pressure is 
high, and a Swan-Ganz catheter can be useful for administering fluids or catecholamine. 
Treating gas embolism requires volume expansion, a high concentration of oxygen, 
evacuation of gas from the right ventricle, hyperbaric oxygen, and drugs (e.g. heparin, 
barbiturates, corticosteroids or lidocaine). A high concentration of oxygen is useful for 
hypoxia and excites the nitrogen in the gas bubbles [1, 3]. In gas embolism caused by 
PVG, such treatments must be undertaken as well. 
There are three differences between gas embolism caused by PVG and iatrogenic gas 
embolism: (1) The majority of underlying diseases in PVG are from septic sources. 
(2) Treating some cases of PVG require surgery. (3) PVG consists of microbubbles. The 
component is not air without endoscopic case. The component is unknown but includes 
high CO2. 
A blood culture must be collected, if possible from the right atrium. If surgery is done, 
the blood of the mesenteric vein or excised materials should also undergo bacterial 
culture. 
Surgical matters that require attention include: (1) halothane or
 isoflurane anesthesia
 
may raise the threshold for a spillover of venous bubbles into
 systemic arteries, and (2) the 
use of positive end-expiratory pressure has been advocated to prevent and treat 
pulmonary gas embolism [22], but it may increase the probability of paradoxical air 
embolism [23] and cardiovascular depression [24].  
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In PVG, microbubbles and high concentration CO2 bubbles may be suitable for 
hyperbaric oxygen therapy. 
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Table 2. Cases of systemic arterial embolisms associated with portal vein gas 
First 
author 
Ref. Age/ 
sex 
Systemic arterial 
gas 
Confirmation of 
systemic arterial gas 
Pulmonary 
edema 
Cause Operation 
as  
treatment 
Blood 
culture 
Out- 
come 
Patent 
foramen
ovale 
Root  12  19 y/F  aorta, coronary 
artery 
autopsy +  laparos-
copy 
– –  dead  + 
Jones  17  71 y/F  iliac artery, femoral 
artery 
X-ray +  –  –  +  dead  – 
Etsuda  18  61 y/M  coronary artery  cardiac 
catheterization 
– bowel 
necrosis 
resection –  dead  + 
 
 
 
 
Fig. 1. Abdominal ultrasonography and echocardiography. a Abdominal ultrasonography on the first 
day of hospitalization revealed strong and micro echogenic particles. The particles, composed of gas, 
flowed downstream in the intrahepatic portal vein (black arrows) and downstream or upstream in the 
hepatic vein (white arrows). Arrowheads indicate the inferior vena cava. Video 1a 
(www.karger.com/doi/10.1159/000146064). b Echocardiography revealed strongly linear and micro 
echogenic particles of various lengths within the right atrium (RA) and right ventricle (RV). The 
particles were gas (arrows). Video 1b (www.karger.com/doi/10.1159/000146064). 
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Fig. 2. Chest X-ray and CT. a Chest X-ray at 11:00 am on day 1 of hospitalization, obtained 2 h before 
admission, shows infiltration mainly in the right upper lung field. b Chest X-ray at 1:00 p.m. on day 1 
shows extensive spread of infiltration when compared with a. c Chest X-ray on day 3 shows bilateral 
pulmonary effusion and infiltration. d Chest X-ray on day 16 shows the disappearance of effusion and 
infiltration. e Plain CT of the chest on admission shows pulmonary edema located mainly on the 
ventral side of the right lobe of the lung along the bronchus. f Enhanced CT scan of the chest on day 13 
shows bilateral pulmonary effusion and decreased pulmonary edema. g Plain CT scan of the abdomen 
on admission shows intrahepatic portal gas. h Plain CT scan of the abdomen on admission shows 
splenic vein gas (arrow). i Plain CT scan of the abdomen on admission shows superior mesenteric vein 
gas (arrow). 
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